Endoscopic resection is a less invasive treatment than esophagectomy for superficial esophageal squamous cell carcinoma, but patients with lymph node metastasis need additional treatment after endoscopic resection. The purpose of this study was to establish a set of indicators to identify superficial esophageal squamous cell carcinoma patients at a high risk of metastasis. In all, 271 superficial esophageal squamous cell carcinoma esophagectomy cases were reviewed retrospectively. The relationships between clinicopathological parameters and immunohistochemical findings (p53, cyclin D1, EGFR and VEGF) on tissue microarrays, on the one hand, and lymph node metastasis were assessed by univariate and multivariate logistic regression analyses. Patients with intraluminal masses and ulcerated masses had a high risk of lymph node metastasis. Patients with superficial esophageal squamous cell carcinoma (1) thinner than 1200 lm; (2) confined to the mucosa; (3) with submucosal invasion o250 lm; (4) with submucosal invasion Z250 lm but with negative VEGF expression and well/moderately differentiated or basaloid histology; or (5) with submucosal invasion Z250 lm but with weak VEGF expression and well-differentiated histology had almost no risk of lymph node metastasis. We recommend endoscopic resection for all erosive, papillary and plaque-like superficial esophageal squamous cell carcinomas where endoscopic resection is clinically feasible, and esophagectomy for all other erosive, papillary and plaque-like cases and all intraluminal masses and ulcerated tumors. No additional treatment is needed for endoscopic resection cases with superficial esophageal squamous cell carcinoma (1) thinner than 1200 lm; (2) confined to the mucosa; (3) with submucosal invasion o250 lm; (4) with submucosal invasion Z250 lm but with negative VEGF expression and well/moderately differentiated or basaloid histology; or (5) with submucosal invasion Z250 lm but with weak VEGF expression and well-differentiated histology. These clinical and pathological criteria should enable more accurate selection of patients for these procedures.
Esophageal squamous cell carcinoma is one of the most common malignancies worldwide, especially in East Asia. Patients with superficial esophageal squamous cell carcinoma, confined to the mucosa or submucosa without lymph node metastasis, have a significantly more favorable clinical course, compared with patients with advanced esophageal squamous cell carcinoma.
In recent years, endoscopic resection, including endoscopic mucosal resection, multiband mucosectomy and endoscopic submucosal dissection, has been developed, with excellent results for the treatment of superficial esophageal squamous cell carcinoma and precursor lesions. [1] [2] [3] [4] Endoscopic resection is safe, easy, and esophagus preserving, with many fewer postoperative complications than esophagectomy. However, patients with lymph node metastasis should not be candidates for endoscopic resection. They need additional esophagectomy or radiochemotherapy if they are treated with endoscopic resection. To optimize the success of endoscopic resection, it is important to establish good indicators to identify patients at high risk of metastasis, to determine which patients are suitable for endoscopic resection and which patients need additional esophagectomy or radiochemotherapy after endoscopic resection.
Previous studies have reported that several clinicopathological parameters, including tumor size (length), macroscopic shape, depth of invasion, tumor differentiation and angiolymphatic invasion may be predictors of lymph node metastasis in superficial esophageal squamous cell carcinoma. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Superficial esophageal squamous cell carcinomas are divided into five levels, based on the greatest depth of tumor invasion: m2 (lamina propria), m3 (muscularis mucosae), sm1, sm2 and sm3 (superficial, middle and deep thirds of the submucosa, respectively). 15 Only lesions no deeper than sm1 are considered suitable for endoscopic resection. 1, 15 But in endoscopic resections, the full thickness of the submucosal tissue is not removed, so it is difficult to classify the depth of tumor invasion as sm1, sm2 or sm3 in endoscopic resection specimens. However, it is easy to record some depth measurements, including total tumor thickness and the thickness of submucosal invasion, using an ocular micrometer.
Molecular biomarkers will also be clinically useful if they can help to predict metastasis. Immunohistochemistry is a simple, reproducible way to assess the expression of oncogenic factors in paraffin-embedded cancer tissues. P53, cyclin D1, EGFR and VEGF are the most promising prognostic immunohistochemical markers in many cancers, but few studies have evaluated these markers for predicting metastasis in superficial esophageal squamous cell carcinoma.
Most of the studies of clinicopathological and/or immunohistochemical features predicting metastasis of superficial esophageal squamous cell carcinoma have come from Japan. 5, 7, [9] [10] [11] [12] 14 In comparison, very few reports have come from other countries, including China. 6, 8, 16, 17 It should be noted that significant differences in diagnostic criteria for esophageal squamous cell carcinoma exist between Japanese and Western pathologists, 18, 19 and these differences may contribute to the relatively high incidence and good prognosis of superficial esophageal squamous cell carcinoma in Japan. In China, western diagnostic criteria are more commonly used.
In this study, we examined 271 Chinese superficial esophageal squamous cell carcinomas to investigate the value of standard clinicopathological parameters, certain microscopic measurements, and the above four immunohistochemical biomarkers in predicting metastasis of superficial esophageal squamous cell carcinoma, in order to provide criteria for optimizing individual therapy.
Materials and methods

Patients
In all, 271 superficial esophageal squamous cell carcinomas received esophagectomy, without preoperative radiochemotherapy, at the Cancer Institute (Hospital), Peking Union Medical College, Chinese Academy of Medical Sciences between February 1990 and January 2004. This study was approved by the Institutional Review Board of Cancer Institute (Hospital), Peking Union Medical College, Chinese Academy of Medical Sciences, and interpretation of anonymized data was exempted from review by the Office of Human Subject Review of the NIH.
Macroscopic Tumor Types
We defined the cases into six macroscopic tumor types, based on the criteria of macroscopic shapes used widely in China 20 and used by some groups in other countries. 16, 21 Occult type The lesion is smooth and flat, neither elevated nor depressed. It is difficult to be distinguished with white light endoscopy, but can be found as an unstained lesion after Lugol's iodine staining (Paris classification 0-IIb).
Erosive type
The mucosa is slightly elevated or depressed, or coarse, neither protruding nor ulcerated. The lesion is map-shaped, with irregular margins (Paris classifications 0-IIa, 0-IIb, 0-IIc or 0-IIa þ IIc).
Intraluminal mass (Fungating) type
The lesion looks like a mushroom or a big polyp, commonly pedunculated, with the largest diameter 43 cm (Paris classification 0-Ip). 22 
Standard Histopathological Variables
All standard and measured histopathological variables and all immunohistochemistry slides were first reviewed and graded independently by three authors (LX, LR and SZ), and then discordant cases were reviewed jointly until a consensus was reached. When a patient had multicentric esophageal carcinomas, the histopathological factors for the lesion with the greatest invasion depth were evaluated.
Maximum depth of invasion was classified into five levels: m2, m3, sm1, sm2 or sm3, as described above. 15 Tumor differentiation was classified as well differentiated, moderately differentiated, poorly differentiated, basaloid squamous cell carcinoma or spindle cell/sarcomatoid squamous cell carcinoma according to the WHO criteria. 23 Multicentric invasive esophageal cancer lesions, angiolymphatic invasion and glandular involvement by high-grade dysplasia/carcinoma-in-situ were categorized as present or absent.
Measured Histopathological Variables
At the site where carcinoma invasion was the most remarkable, tumor thickness from the surface to the base (the invasive front of cancer nests) and submucosal invasion thickness from the bottom of muscularis mucosae to the base of cancer nests were measured with an ocular micrometer (Leica, Germany). In specimens where the muscularis mucosae was disrupted by ulceration or tumor invasion, the muscularis mucosae level was estimated by drawing a line to connect the remaining muscularis mucosae. Submucosal invasion thickness was only measured in submucosal cases, and was defined as 0 in mucosal cases. The diameter of the largest invasive lesion was also measured microscopically.
Tissue Microarray Construction
Seventy-five cases were unsuitable for tissue microarray construction (insufficient cancer tissue remaining in the blocks) or immunohistochemistry (the original blocks were damaged). Tissue microarrays were constructed from two 0.6-mm cores of tumor tissue and two 0.6-mm cores of normal epithelium from each case of the other 196 superficial esophageal squamous cell carcinomas using a Manual Tissue Arrayer (MTA-1, Beecher Instruments, Silver Spring, MD, USA).
Immunohistochemistry
The MaxvisionTMHRP-polymer anti-mouse/rabbit method was used for immunohistochemical staining. Antigen retrieval was performed by pressure oven (1.5 min) in EDTA (pH 9.0) for VEGF or in 0.01 M sodium citrate buffer (pH 6.0) for the other antibodies. The primary antibodies (p53 and VEGF working solution from Maxim Biological Technology, Fuzhou, China; cyclin D1 and EGFR working solution from Zhong Shan-Golden Bridge Biological Technology, Beijing, China) were incubated for 1 h at room temperature. The bound antibody was then detected with goat anti-mouse/rabbit IgG HRP-polymer (Maxim Biological Technology) for 15 min. 3,3
0 -Diaminobenzidine was used as the chromogen. Slides were lightly counterstained with hematoxylin.
Only nuclear staining of p53 and cyclin D1, only membrane staining of EGFR, and either membrane or cytoplasmic staining of VEGF were classified as positive.
The criteria for scoring p53, cyclin D1 and VEGF were as follows. First, the intensity was graded as follows: 0, negative; 1, weak; 2, moderate; 3, strong. Second, the proportion of positive tumor cells was graded: 0, o5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 4,475%. A final score was derived by multiplication of these two primary scores. Final scores of 0-4 were defined as 'negative expression' (À); scores of 5-8 as 'weakly positive expression' ( þ ) and scores of 9-12 as 'strongly positive expression' ( þ þ ). 24 The criteria for scoring EGFR were as follows: negative or equivocal (À), no discernible staining or definite cytoplasmic staining, with no or equivocal discontinuous membrane staining; weakly positive ( þ ), unequivocal membrane staining of moderate intensity in at least 10% of cancer cells; strongly positive ( þ þ ), strong and complete membrane staining in at least 10% of cancer cells.
Statistical Analysis
Continuous variables such as age, tumor thickness and submucosal invasion thickness were analyzed after categorization.
Patients with cancer confined to the mucosa or with submucosal invasion thickness o250 mm had almost no risk of lymph node metastasis. We tried to look for useful variables in the cases with submucosal invasion thickness Z250 mm by statistical analysis. The w 2 test was utilized to analyze the differences in clinical, endoscopic and histopathological characteristics between the total cases and the cases with submucosal invasion thickness Z250 mm, and between the cases with submucosal invasion thickness Z250 mm and the cases with submucosal invasion thickness Z250 mm which were included in the tissue microarrays.
To evaluate the crude association between each clinicopathological, measured histopathological and immunohistochemical variable and the likelihood of having lymph node metastasis, we initially conducted univariate logistic regression analyses in both the total cases and the cases with submucosal invasion thickness Z250 mm which were included in the tissue microarrays. Significant predictors identified in the cases with complete data were assessed by backward stepwise multivariate logistic regression to assess the presence of possible confounding variables. Variables with a P-value of o0.05 were retained, and variables with a P-value of 40.10 were removed. Odds ratios and their 95% confidence intervals were calculated. Odds ratios may overestimate the true magnitude of the associations because the prevalence of lymph node metastasis was high (20%) in the analyzed series of cases.
The capacity of the variables to differentiate the presence from the absence of lymph node metastasis was assessed with receiver operating characteristic curve analyses. The area under each receiver operating characteristic curve and its 95% confidence intervals were calculated.
All statistics were performed using SPSS 16.0 for Windows (SPSS, Chicago, IL, USA), and twotailed P-values o0.05 were considered statistically significant.
Results
Clinical Features and Endoscopic Parameters
Clinical, endoscopic and histopathological features of the superficial esophageal squamous cell carcinoma cases are shown in Table 1 . The w 2 tests showed that the invasion depth level, tumor thickness, submucosal invasion thickness, the diameter of the largest invasive lesion and lymph node metastasis were significantly different between the total 271 cases and the 170 cases with submucosal invasion thickness Z250 mm which were included in the tissue microarrays. None of the variables were significantly different between the total 208 cases with submucosal invasion thickness Z250 mm and the 170 cases with submucosal invasion thickness Z250 mm which were included in the tissue microarrays. So the characteristics of the 170 cases can represent those of the 208 cases with submucosal invasion Z250 mm, but cannot represent those of the total 271 cases.
Macroscopic Tumor Types
There were no occult type superficial esophageal squamous cell carcinomas. In all, 85 cases (31%) were the erosive type, 32 (12%) the papillary type, 120 (44%) the plaque-like type, 15 (6%) the ulcerative type and 19 (7%) were the intraluminal mass type.
Standard Histopathological Variables
The maximum depth of invasion was m2 in 22 patients (8%), m3 in 30 (11%), sm1 in 23 (9%), sm2 in 55 (20%) and sm3 in 141 patients (52%).
In total, 49 (18%) of the tumors were well differentiated, 104 (38%) moderately differentiated, 80 (30%) poorly differentiated, 25 (9%) basaloid and 13 (5%) spindle cell/sarcomatoid squamous cell carcinoma. Angiolymphatic invasion was observed in 51 cases (19%). Glandular involvement by highgrade dysplasia/carcinoma-in-situ was observed in 73 cases (27%).
Measured Histopathological Variables
Tumor thickness ranged from 325 to 80 000 mm. Submucosal invasion thickness ranged from 0 to 10 000 mm. The relationships between these measured variables, the maximum depth of invasion level, and lymph node metastasis are shown in Table 2 . The diameters of the largest invasive lesion ranged from 0.1 to 7 cm.
We tried different cut point values for the measured histopathological variables for statistical analysis. In all, 3000 mm for tumor thickness, 2000 mm for submucosal invasion thickness and 2 cm for the diameter of the largest invasive lesion were the best cut points for predicting lymph node metastasis.
Immunohistochemical Results
Representative immunohistochemical staining is shown in Figure 1 , and the expression results for p53, cyclin D1, EGFR and VEGF are given in Table 1 .
Prevalence Rate of Lymph Node Metastasis
In total, 53 (20%) of the patients had at least one lymph node metastasis at surgery, including 2 (4%) with tumors limited to the mucosa and 51 (23%) with tumors invading the submucosa.
Factors Predicting Lymph Node Metastasis
The minimum value of tumor thickness in cases with lymph node metastasis was 1200 mm. In tumors limited to the mucosa, 0/22 m2 cases (0%) and 2/30 m3 cases (7%) had lymph node metastasis; both m3 cases with lymph node metastasis had tumor thickness 48000 mm. In tumors invading the submucosa, the minimum value of submucosal invasion thickness in cases with lymph node metastasis was 250 mm.
In univariate regression models, macroscopic tumor type, invasion depth level, degree of differentiation, angiolymphatic invasion, tumor thickness, submucosal invasion thickness and microscopic diameter of the largest invasive lesion (14) 28 (14) 23 (14) Tumor size (measured endoscopically) o2 cm 70 (26) 44 (21) 37 (22) were significantly related to lymph node metastasis in the total 271 cases (Po0.05). Tumor size measured endoscopically was borderline significantly related to lymph node metastasis (P ¼ 0.051). EGFR and VEGF were significantly related to lymph node metastasis in the tissue microarray cases (Table 3) . After endoscopic examination and biopsies, but before endoscopic resection or esophagectomy, only some of these factors that predict lymph node metastasis can be evaluated. Macroscopic tumor type is known, and tumor size can be measured endoscopically, but the size and depth of the invasive part of the tumor cannot be determined. In addition, biopsies sample only small, superficial parts of the tumor, so the degree of differentiation, presence of angiolymphatic invasion, and EGFR and Figure 2 . In the 170 tissue microarray cases with submucosal invasion thickness Z250 mm, macroscopic tumor type, degree of differentiation and VEGF protein level were significantly related to lymph node metastasis (Po0.05), and angiolymphatic invasion, submucosal invasion depth and EGFR protein level were borderline significantly related to lymph node metastasis (P ¼ 0.067, 0.053 and 0.060, respectively). The univariate areas under receiver operating characteristic curves, in decreasing order, were 0.660, 0.618 and 0.617 for VEGF protein level, macroscopic tumor type and degree of differentiation, respectively (Table 4) .
Predicting metastases in esophageal cancers
We assessed the presence of possible confounding variables in these 170 cases with multivariate logistic regression. The result showed that the most important risk factor for lymph node metastasis was VEGF protein level, followed by the degree of differentiation ( Table 5 ). The area under receiver operating characteristic curve of combined VEGF and degree of differentiation was 0.722 (95% confidence intervals, 0.641-0.804, Po0.001). An algorithm for predicting lymph node metastasis after endoscopic resection is shown in Figure 3 .
Patients with cancer (1) thinner than 1200 mm; (2) confined to mucosa; (3) with submucosal invasion o250 mm; (4) with submucosal invasion Z250 mm but with negative VEGF expression and well/ moderately differentiated or basaloid histology; or (5) with submucosal invasion Z250 mm but with weak VEGF expression and well-differentiated histolology had almost no risk of lymph node metastasis, so we think that they do not require additional treatment after endoscopic resection. Patients with submucosal invasion Z250 mm and (1) strong VEGF expression, (2) poorly differentiated or spindle cell histology or (3) weak VEGF expression and moderately differentiated or basaloid histology require additional treatment after endoscopic resection.
Discussion
We tried to identify clinical and histopathological parameters that could help determine which patients with superficial esophageal squamous cell carcinoma are good candidates for endoscopic resection treatment, and which need additional treatment after endoscopic resection. The characteristics available before endoscopic resection can be used to identify untreated patients who should go to endoscopic resection or esophagectomy. The characteristics available after endoscopic resection can be used to identify post-endoscopic resection patients who do or do not need additional treatment. 
Predicting metastases in esophageal cancers
We grouped all variables by their availability in different settings, including clinical variables, endoscopic variables, standard histopathologic variables, measured histopathologic variables and immunohistochemical staining (Table 1) . It has been reported that macroscopic shape correlates with invasion depth and lymph node metastasis, and patients with non-flat shapes have a higher frequency of metastasis. 5, 8, 9, 14 Our data are consistent with these reports. Patients with intraluminal masses and ulcerated tumors had much more frequent lymph node metastasis. But multivariate analysis in the 170 tissue microarray cases with submucosal invasion thickness Z250 mm showed that macroscopic tumor type was not an independent predictor, and was less important than degree of histologic differentiation and VEGF expression level. So macroscopic tumor type is more valuable for determining candidates for endoscopic resection than for determining the need for additional treatment after endoscopic resection.
No m2 cases had lymph node metastasis, and only two m3 cases had lymph node metastasis in our study. Both of these two cases had tumor thickness 48000 mm. So no cases with mucosal tumors with tumor thickness o8000 mm had lymph node metastasis. We measured both tumor thickness and submucosal invasion thickness and investigated whether tumor thickness and submucosal invasion thickness reflected lymph node metastasis. As tumor thickness and submucosal invasion thickness increased, the frequency of lymph node metastasis increased ( Table 2 ). The minimum value of tumor thickness in cases with lymph node metastasis was 1200 mm, so in our experience, patients with tumor thickness o1200 mm have essentially no risk of metastasis. The minimum value of submucosal invasion thickness in submucosal cases with lymph node metastasis was 250 mm, so in our experience, patients with submucosal invasion thickness o250 mm have almost no risk of metastasis, which was similar to the results of Tajima et al. 11 So we think that additional surgical resection after endoscopic resection is probably not required for patients with total tumor thickness o1200 mm, in tumors limited to the mucosa, or in cases with submucosal invasion o250 mm, no matter what the other parameters show.
Previous studies reported that lymph node involvement was frequently found when the tumor size was 42 cm. 8, 12 These authors did not mention how they measured tumor size, grossly (by endoscopic measurement or by pathologic measurement of resection specimens) or microscopically. In this study, we measured the size of the largest invasive lesion microscopically, and used a 2 cm cutoff value for analysis. In this analysis, larger tumor size was significantly related to lymph node metastasis in the total 271 patients, but was not an independent predictor. We also measured the tumor size endoscopically, and found that it was only borderline significantly related with lymph node metastasis, possibly because the tumor size measured Size ≥2cm
Size < 2 cm Figure 2 An algorithm for the prediction of lymph node metastasis before endoscopic resection. LNM, lymph node metastasis.
Predicting metastases in esophageal cancers L Xue et al endoscopically usually includes areas of precursor lesions, which often accompany invasive lesions, so this measurement is not as accurate as the invasive size measured microscopically. In our study, degree of differentiation was related with lymph node metastasis, similar to the results of Eguchi et al 7 and Tajima et al.
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Angiolymphatic invasion was also related to lymph node metastasis in the total 271 patients, consistent with previous studies. 6, 7, 10, 11 But it was only borderline significantly related with lymph node metastasis (P ¼ 0.067) in the 170 tissue microarray cases with submucosal invasion thickness Z250 mm.
In univariate analyses of the total 271 cases, both EGFR and VEGF were significantly correlated with lymph node metastasis. In multivariate analysis, VEGF was the most important independent predictor of lymph node metastasis in the 170 tissue microarray cases with submucosal invasion thicknessZ250 mm. If a patient's tumor has strong VEGF expression, he probably requires additional treatment after endoscopic resection.
For tumors with submucosal invasion deeper than 250 mm, we found that those with negative VEGF expression and well or moderately differentiated or basaloid histology, and those with weak VEGF expression and well-differentiated histology had almost no risk of lymph node metastasis, so we think that such patients do not require additional treatment after endoscopic resection. Previous guidelines have suggested that all endoscopic resection patients with submucosal invasion deeper than 200 mm should undergo additional treatment. 22 In the current series, 42 of the 162 VEGF informative cases could have avoided esophagectomy using our new treatment algorithm (Figure 3 ).
In conclusion, we recommend endoscopic ultrasonography and CT of the chest and abdomen with contrast for all patients who have biopsy-proven (1) Endoscopic resection on all erosive, papillary and plaque-like cases where endoscopic resection is clinically feasible (if the lesion is o6 cm long and o3/4 of the circumference in our hospital). In patients with tumors invading the submucosa Z250mm, the most important criteria for deciding whether or not to recommend additional treatment are VEGF staining and tumor histology. If VEGF is negative and the tumor is well differentiated, moderately differentiated or shows basaloid histology, or if VEGF is weakly positive and the tumor is well differentiated, then close patient follow-up without additional treatment appears reasonable; but if VEGF is strongly positive or if the tumor is poorly differentiated or shows spindled histology, then additional therapy is recommended. Figure 3 An algorithm for the prediction of lymph node metastasis after endoscopic resection. LNM, lymph node metastasis; TMB, submucosal invasion thickness from the bottom of muscularis mucosae to the base of cancer nests; TSB, tumor thickness from the surface to the base of cancer nests.
